Investigations of the validity of labeling regarding genetically modified (GM) products were conducted using polymerase chain reaction (PCR) methods for foreign-made processed foods made from corn and potato purchased in the Tokyo area and in the USA. Several kinds of GM crops were detected in 12 of 32 samples of processed corn samples. More than two GM events for which safety reviews have been completed in Japan were simultaneously detected in 10 samples. GM events MON810 and Bt11 were most frequently detected in the samples by qualitative PCR methods. MON810 was detected in 11 of the 12 samples, and Bt11 was detected in 6 of the 12 samples. In addition, Roundup Ready soy was detected in one of the 12 samples. On the other hand, CBH351, for which the safety assessment was withdrawn in Japan, was not detected in any of the 12 samples. A trial quantitative analysis was performed on six of the GM maize qualitatively positive samples. The estimated amounts of GM maize in these samples ranged from 0.2 to 2.8ῌ, except for one sample, which contained 24.1ῌ. For this sample, the total amount found by event-specific quantitative analysis was 23.8ῌ. Additionally, Roundup Ready soy was detected in one sample of 21 potato-processed foods, although GM potatoes were not detected in any sample.
Introduction
In recent years, various new crops have been developed with the aid of recombinant DNA (r-DNA) techniques and those crops have been used as food ingredients worldwide. The commercialization of 58 varieties of genetically modified (GM) crops, including herbicidetolerant soybean and maize, and insect-resistant maize and potato, has been authorized for food use by the Ministry of Health, Labour and Welfare (MHLW) in Japan now that the safety assessment has been finished. Many consumers in Japan, however, are still concerned about the safety of genetically modified organisms (GMOs). In order to guarantee consumers freedom of choice, a labeling system is necessary for foods containing GM crops. On April 1, 2001 , MHLW and the Ministry of Agriculture, Forestry and Fisheries (MAFF) established a new labeling system based on the Food Sanitation Law and the Japan Agricultural Standards (JAS) in Japan 1), 2) . The system requires the mandatory labeling of five kinds of crops and thirty kinds of food products in which certain r-DNAs or their encoded proteins are detected. Additionally, both Ministries announced that processors have to show that all ingredients have been identity-preserved (IP) from farms to processing in order to use non-GM labeling. However, some degree of unintentional mixing is inevitable and is practically acceptable when proper confirmation of IPhandling has been done. Therefore, the thresholds of GM soy and GM maize have been set as less than 5ῌ in Japan. Furthermore, MHLW also announced the introduction of a mandatory safety reviewing system for foods and food additives derived through r-DNA techniques. According to their announcements, any foods and food additives derived through GMOs, for which safety reviewing has not been completed, are forbidden to be imported or sold in Japan 3), 4) . However, a few crops and foods containing GM events, for which the reviewing process had not been completed, such as CBH 351 maize, NewLeaf plus and NewLeaf Y potatoes and 55-1 papaya, were found in markets after the announcement῎ 6ῌ ῎ 8 . One of the corn grits products had no GM labeling despite containing more than 5ῌ GM maize῎ 9 . Meanwhile, a labeling system regarding GMOs is not mandatory in the USA and Canada, with the exception of health or safety information, such as allergens and significant changes to nutrition or composition. Processed foods containing GM crops produced in those countries may be exported to and distributed in Japan. To prevent this, it is necessary that we monitor GM crops in processed foods produced in foreign countries. However, monitoring of GM crops in such processed foods has not yet been reported in Japan. In the present study, we have investigated the current state of GM crops in foreign-made processed foods purchas- 
Materials and Methods

I. Samples
Twelve foreign-made processed corn foods and 6 processed potato foods were purchased in August 2002 in the USA. Twenty processed corn foods and 15 processed potato foods were purchased in November 2003 in the Tokyo Area. Only one product purchased in the USA was labeled as containing soybean, among the corn snack products in which both the lectin and the Roundup Ready (RR) soy were detected.
II. Target GMOs
RR soy, NewLeaf Plus (NLP) potato, NewLeaf Y (NLY) potato and the six kinds of GM maize, Bt11, Event176, MON810, T25, GA21 and CBH351 were designated for monitoring.
III. Reagents
Agarose: LO 3 [TAKARA] manufactured by Takara Shuzo Co., Ltd. (Kyoto, Japan); DNA markers: 100 bp ladder by Amersham Biosciences Co., Ltd. (Uppsala, Eukaryote/sense  5῏-TCT GCC CTA TCA ACT TTC GAT GGT A-3῏ 137 bp  5)  TR04  Eukaryote/antisense  5῏-AAT TTG CGC GCC TGC TGC CTT CCT T-3῏  p35S  P35S 1ῌ5῏  p35S/sense  5῏-ATT GAT GTG ATA TCT CCA CTG ACG T-3῏ 101 bp  6)  P35S 1ῌ3῏  p35S/antisense  5῏-CCT CTC CAA ATG AAA TGA ACT TCC T-3῏  tNOS  NOS ter2ῌ5῏  tNOS/sense  5῏-GTC TTG CGA TGA TTA TCA TAT AAT TTC TG-3῏ 151 bp  6)  NOS ter2ῌ3῏  tNOS/antisense  5῏-CGC TAT ATT TTG TTT TCT ATC GCG T- 
IV. Oligonucleotide primers and probes
PCR primers TR03 and TR04 used for the detection of eukaryotes were synthesized by Greiner Japan Co., Ltd. (Tokyo, Japan) and purified by reverse-phase chromatography.
Other PCR primers and probes were purchased from Nippon Gene Co., Ltd. The lists of primers and probes used for this study are shown in Tables 1 and 2 .
V. Positive control plasmids
GM Maize Detection Positive Control Plasmid, GM Maize Detection CBH351 Positive Control Plasmid, GM Potato Detection NewLeaf Plus Positive Control Plasmid, GM Potato Detection NewLeaf Y Positive Control Plasmid and GM Soybean (RRS) Detection Positive Control Plasmid used for qualitative PCR analysis were purchased from Nippon Gene Co., Ltd. GM Maize Detection Plasmid Set needed to make a calibration curve for quantitative PCR, was purchased from Nippon Gene Co., Ltd.
VI. Equipment
Mixing 
VII. Extraction of DNA
Samples were ground in a mixing mill. Ground samples (200 mg) were placed in 12 mL polypropylene centrifuge tubes. Extraction of DNA from a sample was performed with a QIAGEN DNeasy Plant Mini Kit according to "Extraction and purification of DNA from a potato" published by MHLW 7) . When cauliflower mosaic virus 35S promoter (p35S) or nopaline synthase terminator (tNOS) was not detected, DNA was further extracted from 1 g of the ground sample using a Genomic-tip 20/G, according to "Extraction and purification of DNA from tacos and tortillas" in accordance with the MHLW 7) protocol.
VIII. Qualitative test
First, the primer pair, TR03 and TR04, for the detection of the universal eukaryote DNA array was employed in order to confirm the quality of the extracted DNA. Secondly, taxon-specific genes, such as the zein (Ze1) gene for maize, the lectin (Le1) gene for soy and potato sucrose synthase (Pss) for potato, were examined to find out whether or not the samples contained these crops. The p35S and the tNOS domains, which are widely inserted in GMOs, were examined as a screening test of GMOs. When the DNA of the p35S or the tNOS domains was detected in the samples, PCR was done using specific primer pairs for the GMOs, such as RR soy, NLY potato, NLP potato and the six kinds of GM maize. PEPC῎9 intron/antisense 5῍-ACT CCA CTT TGT GCA GAA CAG ATC T-3῍ 100 bp 6) E176ῌ2ῌTaq
IX. Quantitative test
It is di$cult to determine the commingling levels of GM crops in processed foods, because the DNA in processed foods is fragmented through heating, fermentation and other processing. However, for reference, several samples from which GM maize was detected with our quality test were subjected to the quantitative screening test according to the "Quantitative PCR method" by MHLW 7) . When the content of GM maize in the sample was higher than 4.5῎, the quantitative test using specific primers for the various varieties of GM maize was performed, and the GMO content (῎) was calculated.
X. Qualitative PCR
A 25 mL volume of the reaction solution contained 13.975 mL of sterilized water, 2.5 mL of 10-fold PCR bu#er II, 2.5 mL of 2.0 mmol/L dNTPs, 3.0 mL of 25 mmol/L MgCl 2 ῌ 0.125 mL of AmpliTaq Gold TM polymerase, 0.2 mL of 25 mmol/L of each primer, and 2.5 mL of sample DNA (10 ng/mL). Amplification was performed in a thermal cycler according to the following PCR step-cycle program: at 95῍ for 10 min, and 40 cycles of 30 sec at 95῍, 30 sec at 60῍ and 30 sec at 72῍, followed by a final extension at 72῍ for 7 min. After the PCR amplification, a total of 7.5 mL of PCR product was electrophoresed at a constant voltage (100 V) on 2.5῎ agarose gel supplemented with 0.5 mg/mL ethidium bromide in the TAE [40 mmol/L TrisῌHCl, 40 mmol/L acetic acid and 1 mmol/L EDTA (pH 8.0)] bu#er solution. The gel was photographed with a Polaroid camera under UV irradiation (312 nm). The DNA was identified by amplification of DNA strands of the expected length.
XI. Quantitative PCR conditions
A 75 mL volume of the reaction solution contained 27 mL of sterilized water, 37.5 mL of Universal PCR Master Mix, 1.5 mL of 25 mmol/L of each primer pair, 1.5 mL of 10 mmol/L probe (except for the p35S, 5 mmol/L probe), and 7.5 mL of sample DNA (10 ng/mL). Standard curves were calibrated with the GM Maize Detection Plasmid Set. In the 96-well plate, 25 mL of the reaction solution was distributed to each of the three reaction vessels. The reaction conditions of the sequence detector were set with the following PCR step-cycle program: 2 min at 50῍, 95῍ for 10 min, and 40 cycles of 30 sec at 95῍ and 1 min at 59῍. The content (῎) of GM maize was calculated according to the MHLW protocol.
Results and Discussion
I. Detection of universal sequences of GMOs in processed foods containing corn and potato
The results of the target sequence detection in processed foods containing corn and potato are shown in Table 3 . All DNAs used for the PCRs were successfully extracted from the samples, because DNA sequences common to eukaryotes were detected in all samples. The p35S sequence was detected in 5 of 12 (41.7῎) corn-processed foods and 1 of 6 (16.7῎) potato-processed foods, and the sequence of tNOS was detected in 5 of 12 (41.7῎) corn-processed foods and 1 of 6 (16.7῎) potato-processed foods in the samples purchased in the USA. On the other hand, the sequence of p35S was detected in 7 of 20 (35.0῎) corn-processed foods, and that of tNOS was detected in 3 of 20 (15.0῎) cornprocessed foods among the samples purchased in Japan. All the detection ratios of p35S and tNOS in the US samples were higher than those in Japan. The p35S and tNOS sequences are widely inserted into GM crops. Both p35S and tNOS DNA sequences were inserted into Bt11 maize and RR soy. On the other hand, only p35S is inserted into MON810, T25 and Event176 maizes, and only tNOS is inserted into GA21 maize. In our study, the number of samples containing p35S among the processed corn foods did not correspond to that of samples containing tNOS. The reason may be that the GM events in the samples di#ered according to the country of purchase. We intend to continue investigating this issue.
II. Detection of GM maize and other GMOs in processed foods containing corn
The detection results of target GM maize and RR soy in the corn-processed foods in which the p35S and/or tNOS sequences were found by qualitative PCR are summarized in Table 4 . The Ze1 gene, which is for the control of maize taxon, was detected in all 12 samples. Screening methods based on the detection of p35S or tNOS can not distinguish the sequences derived from GM crops and the sequences derived from the cauliflower mosaic virus or Rhizobium radiobacter, which contaminates raw crops. In this study, however, the specific sequences designed to detect each GM event were also found in the 12 samples.
CBH351 was not detected in any of the 12 samples. According to Taiwanese researchers, CBH351 was detected in 30῎ of corn middling pellets 10) although it was not detected in corn-processed foods, such as popcorn, canned whole kernel corn, frozen whole kernel corn, and corn tortilla. Moreover, in the examination of GMOs at the Nagoya quarantine station in Japan, CBH 351 was detected in corn imported from the USA῍ 6 . These results indicate the possibility of CBH351 contamination in foreign-made corn-processed foods.
The numbers of positive corn foods were 5 (100῎) for Bt11, 3 (60῎) for Event176, 4 (80῎) for MON810, 2 (40῎) for T25 and 2 (40῎) for GA21 in the 5 samples purchased in the USA (Table 4 ). More than three GM events in maize were simultaneously detected in the same samples, with the exception of one (No. 3). On the other hand, the numbers of positives were 1 (14.3῎) for Bt11, 2 (28.6῎) for Event176, 7 (100῎) for MON810, 2 (28.6῎) for T25 and 1 (14.3῎) for GA21 in the 7 samples purchased in Japan. Two events of GM maize were simultaneously detected in the same samples, with the exception of one (No. 8). The detection rates of the events in GM maize in the US foods were higher than in those exported to Japan, with the exception of MON810.
MON810 was detected in most of the samples purchased in the USA and Japan. This result is consistent with the fact that MON810 and its stack lines are most widely grown in the USA. In one of the samples purchased in the USA, five events of GM maize were detected, and the electrophoresis profile of the PCR products is shown in Fig. 1 . 
῍ When extraction of DNA was not complete with a DNeasy Plant Mini Kit (DNeasy), DNA was extracted with a Genomic-tip 20/G (Genomic-tip). ῍῍ Taxon-specific DNA Table 1 .
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Bt11, in which both p35S and tNOS were inserted, was detected in all five samples purchased in the USA (Table 4) . For the samples purchased in Japan, MON 810, in which only p35S was inserted, was detected in all seven samples, but GM maize in which tNOS was inserted, Bt11 and GA21, was detected in 2 samples. These results, except for one sample (No. 7) purchased in Japan in which tNOS was detected, are in accordance with those in Table 3 . The reason why Bt11 or GA21 was not detected in the No. 7 sample is not clear at present. The number of p35S positives in the cornprocessed foods (Snack and Tortilla) in the USA was equal to that of tNOS positives (Table 3) . For the foods purchased in Japan, the number of p35S positives (Snack and Meal) was di#erent from that of tNOS positives. Moreover, in order to investigate contamination with food materials other than GM maize, the presence of taxon-specific Le1 gene in soybean and Pss gene in potato was first examined in the samples in which the sequences of p35S and/or tNOS were detected. The Le1 gene was detected in 4 of 12 samples, meaning that those samples contained soybean. The RR soy gene was detected in one of these samples. The Pss gene was not detected in any of the samples, meaning that those samples did not contain potato. The electrophoresis profiles of the PCR products are shown in Fig. 2 . The sample with RR soy (No. 2) was labeled as containing soybean, whereas there was no such labeling for the other 3 samples (No. 5, 6 and 7). These results suggest that some of the corn-processed foods may be contaminated with soybean. Therefore, it is necessary to take into consideration contamination with crops other than the main raw materials.
III. Detection of GM potato and other GMOs in processed foods made from potato
One potato-snack sample, in which the p35S and tNOS sequences were detected in the qualitative screening experiments (Table 3) , was examined for the presence of NLP and NLY potatoes. However, these GM potatoes were not detected, though Pss for the potato taxon-specific gene was detected. The failure to detect the GM potatoes may reflect the cessation of the production of GM potatoes in the USA in 2002῍ 10 . The reason why p35S and tNOS sequences were detected in this sample might be contamination with GMOs other than GM potatoes. To clarify this, Le1 of soybean and Ze1 of corn were examined. The Le1 and RR soy-specific sequences were detected, though the Ze1 gene was not detected. The p35S and tNOS sequences were inserted in RR soy. Therefore the detection of those sequences resulted from commingling of RR soy. This sample was not labeled as containing soybean. This result indicates the possible mixing of soybean in potato snacks, in addition to the case of a particular corn snack.
IV. Quantitation of GM maize in processed foods containing corn
It is di$cult to determine the commingling levels of GM crops in processed foods, because although the GM ῌ can be quantified by using the relative copy numbers of the target GM sequence to an appropriate taxonspecific sequence, the DNAs in the foods are fragmented to di#erent degrees through heating, fermentation and other processing. The current Japanese standard methods were validated only for kernels and ground samples. If we need to know accurately the contents of GM crops in processed foods, we should analyze the raw materials, ultimately tracing back to the kernels. For six corn-processed food samples with su$cient amounts of extracted DNA, quality tests of the quantitative mixing rates of GM maize were preliminarily conducted.
The amount (ῌ) of GM maize ranged from 0.2 to 2.8ῌ in five of the corn samples, based on the quantitation of p35S and GA21 sequences (Table 5) . However, the GM ῌ of the No. 1 sample, which was a corn snack purchased in the USA, was measured as 24.1ῌ. Event GA21 was not quantified in the case of the No. 5 and No. 9 samples, which were positive for GA21 in Table 4 . It is reported that the quantitation limit of the copy number of the recombinant sequence was 20 copies in the quantification using DNA extracted with DNeasy 11) . Therefore, the amounts of the GM maize in the 5 samples were presumably under the quantitation limit ( Table 5 ). The detection limit of the qualitative test is unknown. However, in our experience, the detection limit for GMO by qualitative analysis is usually lower than that by quantitative analysis (data not published). This may explain why GA21 was not detected by the quantitative analysis.
Individual quantification of MON810, Event176, Bt11 and T25 events was additionally investigated for the DNA extracted from the No. 1 sample with a DNeasy plant Maxi kit because the GMῌ of the sample was more than 5ῌ according to the screening analysis. The amounts of those GM events were 9.5ῌ for Bt11, 7.3ῌ for MON810, 2.2ῌ for Event176, 1.3ῌ for T25 and 3.5ῌ for GA21, and the total amount of GM maize was 23.8ῌ. The measured GMῌ was almost the same as that in the quantitative screening analysis. The proportion of Bt 11 and MON810 was about 70ῌ of the whole GM events, in agreement with the fact that these events were most frequently detected in our samples in the qualitative tests. It is believed that the GM maize varieties derived from these GM events are planted most widely in the USA. Additional investigation will be required to evaluate the accuracy of the GMῌ values determined by our quantification methods. The quantified GMῌ of three positive samples (No. 6, 10 and 12) purchased in Japan was less than 5ῌ, though the percentages are only preliminary estimates. The range of amounts of GM maize in this study was almost the same as that in our previous report on semi-processed corn, such as corn meal, corn flour, and corn grits 12) . For the corn-processed foods distributed in Japan, labeling of foods that include GMO ingredients is mandatory when the final product contains the r-DNA or the protein. However, if the raw material is subject to IP handling and the unintentional mixing of GMOs is less than 5ῌ, labeling is not mandatory. There was no labeling regarding the use of GM products in three foreign-made corn-processed food samples (No. 6, 10 and 12) purchased in Japan, though several GM events were detected (Table 5) . We investigated whether these samples had been subject to IP handling, and it was found that they had been properly handled. The results shown in Tables 3, 4 and 5 suggest that manufacturers do use raw materials with appropriate IPhandling for Japanese products.
In order to acquire further information on the labeling and use of GM products for foods, we will continue to investigate the actual status of GM products in domestic as well as in foreign-made processed foods. 
